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CL CAMINO COLLEGE, CTALIFORNIA,

AN INITIAL ATTEMPT TO EVALUATE FROGRAMED INSTRUCTIONAL
MATERIAL IN ALCEBRA CLASSES LED TO FURTHER EXFERIMENTATION
WITH A VARIETY OF PROCEDURES. IN 1964-65, NO SIGNIFICANT
DIFFERENCES WERE FOUND IN THE PERCENT OF STUCENTS SUCCEEDING
IN PROGRAMED AND CONVENTIONAL CLASSES, THOUGH STUDENTS IN
PROGRAMED SECTIONS DID NOT SEEM MOTIVATED TO WORK AT THEIR
OWN PACE TO COMPLETION OF THE COURSE. IN THE NEXT YEAR, USE
OF LARGE CLASSES FOR FROGRAMED INSTRUCTION, WITH NO CHANGE IN
AVAILABLE TEACHER TIME, SHOWED NO SIGNIFICANT DIFFERENCES IN
THE PERCENT OF SUCCESSES, WITH GREATER MOTIVATION IN THE
LARGE GROUPS, AND WITH MORE EFFECTIVE INSTRUCTION WHEN A
VARIETY OF INSTRUCTIONAL EXPERIENCES WAS USEC. DURING THE
NEXT TWO YEARS, WITH LARGE GROUPS FOR PROGRAMED INSTRUCTION,
A REDUCTION IN TEACHER TIME, AND AN INCREASE IN CLERICAL
ASSISTANCE, (1) NO SIGNIFICANT CHANGES IN ACHIEVEMENT
RESULTED, (2) A UNIFORM TESTING, EVALUATION, AND GRADING
PROGRAM WAS ESTABLISHED, (3) A COMPLETE ITEM ANALYSIS WAS
MADE FOR EACH TEST, AND (4) THE- PROGRAM WAS SYSTEMATIZED TO A
POINT WHERE INSTRUCTOR TIME COULD BE FURTHER REDUCED AND EVEN
LARGER NUMBERS OF STUDENTS COULC BE ACCOMMODATED. (WO)
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A Report on Experimentation in the Teaching of
The First Course in Algebra at E1 Camino Colilege

Introduction

This is a zeport of experimentation in teaching remedial
mathematics, WwWhile it started as a yathker simple project
designed to evaluate programmed instructional material, it
has progressed throuch experanentacion with large class instzuc~
tion, tcam teaching, and the development of nachins-sgcozred
auitiple choice examinations with complete dtem analysis. It
1z thas not @ single, isolated research project but a continuling
@ffort by a gzoup of ten to fifteen instructors directed toward
the improvement of imstrustivn. Thig effort haz and will con~
tinve to ecxamine many facets of the education Procass; ie. course
ocbjectives, student characteristics, teaching methnds, course
stapdards, testing metheds and procedures, and grading practices,

' Bach teacher or team of teachews has operated in a scmewhat
unigue manner, raported successful, unsuccessfel and interestinyg
resulits as well as suggest many directions for future experimeliw
tatlon. |

Among the ideas for the fubure zre:

1. Presentaticn of the sourse via glogsed-cireunit ox
open~circuit television

2. To try w0 establish the existence of a relation
n

¥y = Z aifi‘xi)
i=1

vhere the a; are constants and at least one is not
zevo, the %, are student or course characterisiics,
and v 13 the student’s grade., Of course it is
implicit that values of the pavameters need €0 be
deternined. This is an appllication of the method
of least gguaves ov muitiple curvilinear regression
and factor analysis.

3, To attempt to determine if some students are unedu-
cable (in mathematics) at this level., While this
is basically an unsolvable problem, the direction

of some thought in this divection nay have valugble:
CORESHUCHCEs o |

While it would be desivable vo inciude much addi~

2ional informaticn on such items as a philesophy -
for experimertation and research, it is feit that

4t is more desizable at this tim® to give a state~-
ment of the prebiem.
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- Justification or Need for the Stw

Purpos

The problem is essentially a simple but major proklem in
remedial couraes at all junior collages with an open-door
policy. To be apecific, a study off Zhe grades of the students
enrolied in the First Course in Algebra (which we call
Mathemacics A) over a f£ive year pericd (a2bout 3000 students)
revealed that epproximately 50% of the students withdrew
before the end of the senmester. OFf those vemaining, approxi-
mately 50% pass with a C oz better grade {i.es 25% of the |
students originally enrolied). Also, enrvollment trends indi-
cated that within a very shoyt time this course could regquire
from 40-50% of the €otal staff time assigned to mathematics
instraction. Thus a lavge pezcentage of the load of a highly
qualified staff was being used at 25% efficiency. The purpose
of the study was therefore htwo-folds (1) the improvement of
énsmion (or learning), aund/or (2) effective use of instruc=

or o - '

»

i. The lcw percentage of student success in the course

It was stated in the previous section that approxi-
mately 25% of the students origirally enrolled achieve
a "C" or better grade. The actual figures ares

Pergent of original students achieving an
A or B grade was 13.1%

Percent of original students achleving an
A, B, or C grade was 30.0%

Percent of origirnal students achieving an
A, B, C ox D grade was 46.4%

1 ghould alse bz meantioned that unlike many similar
cources in other junloxr colleges, this course has »o
prevequigites. This may account for differences in pere
centages which may exist in other junior colleges.

A reasonable criteriz on which to evaluate this
problem iz that any student who iz permitted to enroll
in a course should have at least a 50% chance of success.
However, regardless of the criteria any improvement in
the percentages will result in significant savings in
gtudent time and educational expenses.

2, The improvemeni of instructilon (lecarning)

This is cercainly an objective of any experimenta-
tior 3n instructicn. The achievement by a student of a
ey or better grade is defimed to be the measure of
instruction. Implicit in this of course is the state=
ment of course cbjactives in measurable tarms.
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3. Between 75-90% of the students enrolled in the course
had taken an equivalent course before and had elther
not gucceeded or had forgotten much ¢f what they knew.
it wag felt that perhaps a different approach might
provide wmore motivation and a greater percentage of
gaccegsful students,

4, The small penalty for the Ffalilure of experimentation at
this level

While the significance of the possibie results may
warrant eyperinentation where the chances cf success are
small or waere the penalitiles for fallure axe high, serious
consideration should always be given to the impact of fall~
vre, 1If there is a chivice, experimentation should be con-
ducted where the penalties for fallure arz ninimal.

5. To davelop a philoscphy ¢on our cbligation to students at
this level under the open—dcor policy

0f the students who typically emiroll in this course,
75=90% have had the same or an eguivalent course at least
once befora. Since large numbers of students are involved
it is expensive to allow each stuvdent several chances.

Do we adopt the position that each student should be
entitled to ocne {or some other number) oppcrtunity to
pass the course or do we adopt ¢he position that an unedu-
cated parscon may soon be unemployable in cur scientific
society and therefcore we not only provide the opportunity
for learning but must be responsible for learning?

6. To £ind how to teach lazge numbeys of students at this
level

This course constlhutes appromimately 30% of the
zotal assignment in the Mathematics Department and ine-
volves about 2000 studentsd each year. We need to be
concerned about the effectiveness and efficiency of in~

- gtruction.

7. To £ind how to relieve a highly qualiiied'staﬁf from too
puch involvement at a remedial level and to more effici-
ently use their capabilities. :

To investigate the appropriatencss of programmed materials
for remedial mathematics courses in the junior college.

To investigate the effects of variations in élass size on
the effectiveness of instzuction,

To investigate the effects of team teachinyg on the effec~
tiveness of instruction.

To investigate the application ¢f a asystems approach to
the teaching of junicr <ollege mathematics.




ERIC

Importance of the Prcblem

In addition to the items mentioned in the previcus gection,
there have zalready been several resules cf importance to El
Camino College., First it has been beneficlal to the entire
ataff and staff morale in permitting a much lazrger percentage
of time to be devoted to more personally rewarding instruction
and in the challenge associated with experimentation. The
staff attitude and particularly the effort and enthugiam dis-
played by the insgiructors involved in the project has been most
rewarding. Amother result has beon the develorment of a uniform
testing procedure and the consequent wniformity of course stan=-
dards and grading practices., We thus guarantee each student
that recgardless of the section inm which he envollis, he will
receive the game grade that he would have received i€ he had
enrolied in any other section. This result, incidentally, has
provided some imsight into the rzlation between tha time at
which a2 clasz meets and the guccess of the student,

While not one of the objectives of g£h~ study, one of the im-
portant results has been a sigrificant reduction in the per
student cost for iastruction in this course, Upon the recommen-
daticn of the teachers, the equivalent of two fall time teachers
waz replaced with 40 hours per waeek of student help. The gsavings
could have been larger exceplt for gpace 1limitations of our present
facilities. %he staff has recommended further reductions, but we
have deferred action on this., ¥The present savings ave-at least
$30,000 pex year,

Perhape more important than these local benefits is the fact
that this problem is only one case of a gsneral problem cowmcn
+o0 other mathematics courses, cther subject areas and ovher junior
colleges. The same resulis could be attained in most cther fields
if it was desired.

Criteria or Philoscephy

This section of the report is quite lengihy and inciludes
statements on many pubjects, In addition Lo some rather imprecise
statements on operating philosophy and procedures, it includes
some objectives amd criteria of progranmmed instruction and educa-
tional systems as well ag some comments on the growing dezmands
+o educate more students at a reagzonable Cost.

Qur operating phllosophy and progedures <an be sumnarized
by the following:

1. If you have a prcblem amd don’t know how or in what
divection to proceed, don’t just sit there, do
something? 7This usual advige for students is also
valiid for educational probleme.

2. The purpose of rageaxch iz nrot the ccllection of
data but to provide insight intec the problem and
its possible solution or to suggest directions for

further research.
3. EBducational research is, like any research, an

effort te acguire knowledge and to enlarge under«
standing.




4, Xt is hoped that the results of research will be
capable of generallization and applicable to other
areas or usefui for prediction or extrapolation.

5, The place to experinent is the place when there is
the least penalty for failure.

5, While some may feel that it is best to design an
ezperiment with the assumption of a hypothesis and
the use of one or moure of the usual models for
experimental design, rigid adherence to a format
should not interfers with ewperimentation. One of
the best methods to stifle instructor creativity is
#n aslk tham o write a descripticn of thalir proposal
or to experiment in a mammer basically different
from the one they propose. Faculty enthusiam is a
necessary ingredient and its value will outweigh
many factoxs.

7. We in science education can no lenger assume that
the extent of our responsibility for learning is to
provide the opportunity for an education, In our
increasingly technological and scilentific society,
an uneducated perscn may soon be unemployable., We
must assume a greater responsibility for both the
opportunity to learn and that learning does occur.

Without defining educational programming or programmed learn-
ing, the following will list scne of the objectives of linear
(Skinner), branching (Crowder), or eclectic programeing. It is
assumed that most will be aware of studies verifying the claims,
+herefora some negative arguments will be presentad here. They
come largely from "Programed Learning and Mathematical Education®
by K.0. May and “"Systems &pproaches to Curriculum and Instruction
in the Cpen-Door College®” by B. Lamar dchnson.

Oone essential fact has been established
without a doubt: Students do learn f£rom
programed materials., On the other hand,
there is no conclusive evidence that stu~
dents learn siynificantly moxe or with
greater efficiency¥. «..

{(a) Yo programed materials perform a
sutorial function? ... Pprogramed
materials lack the essential fea-~
ture of the tutoring situation—
the interaction of two human beings
in all itz intallectual and emo-
+ional complexity. ... We conclude
that programed materials do not
perform the tutorial function, though
they may perform the drill sometimes
done in the name of tutoring.
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Do programed materials provide for
individual differences? ... The
fact is that Skinher programing
removes all individualization
except in pacing., Crowder pro-
graming has a better claim to
individualization because of
branching, but the variety of
paths is rather limited compared
with that permitted by the usual
text book. ... We conclude chat
programed materials (Skinnsr,
Crowder, eclectic) are leas
adaptable to individval differen-
cos than are hybrid, problem, and

Pregsey programs.

When ctressing the importance of
self-pacing, programing enthusiasts
seem to be contrasting the indivi~
dual studying a program with the
group listening to a lecturs or
studying together, & comparison
with an indilvidual studying a text
and doing problems would be more
appropriate. «.. As long as the
group pace is not too far £rom the
average, learaiang is not signifi-
cantly impeded, ... Xt app2ars
that pacing is not a very inportant
issue and that self-pacing k&S no
necessary or unigque connection with
programed materials. eo.

Does programing provide greater con-
trol of the learning process? This
clain is certainly justified., «es
This has obvicus advantazges for
regearch in the psychology of learn-
ing. It emables the programer IO
locate poor frames and to improve
the program. It likewise helps the
diagnostic work of the teacher. ...
But it does not follow that it is

" pegt for the student. ... One of

thie goals of college mathematics is
to teach the student to "work om his
M e £0 “write hig own program” in
the professionral jargon. He will
certainly not leara to do this if he
48 fed ideas intravenously drop by
drop instead of having to get out
and grub for them. ... We conclude
that programed materilals inhibit
injitiative, indepandence, and respon-
aibility. in the learning process, and
ds not contribute to the achievenent
of related educational objectives. ...
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Do programed materials provide
greater motivatcion? ... Experi-
ence at the ccilege level tells
us that studenis have two prime
drives in atudyving mathematics:
thelr belisaf that mathematics
will be uasful to them, and the

oy that comes from mathematical
insight and accomplishment. ...
Ve infer that prograred matesrials
cannot provide adeguate motivation
at the college level,

Doss programing lead to better
specification of content and objec-
tives? ,.. The potential of pro-
graming for improving content has
not been realized,

Arg programed naterials better
designed to achieve their objec-
tives? ... Thare is no convincing
evidence that better design is a
concomitant of programed materials.

What is the importance of overt
response? ... Pressey ... condensed
a Skinner type program in psychology
into an expository passage followed
by a few multiple chcice questions.
%he result was better learning and
an 80% saving in study time (and
paperije. <o. One of the great dig=
advantages of excessive programing
ig that it enables the student to
“succeed"” without extensive or
intenaive thought. ...

Does programing reduce educational
costs? In certain situations in
industry and the military, where
teachers are lacking and goals
narrowly defined, programed mate-
rials and teaching machines have
accomplished tasks not otherwige
possible., But in the typlczl col-
lege situation there is no indica-
tion that programed learning is
more ecounomical., ...
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Do proyramed materials save teaw
cher time? ... There is no reason
to thiunk that programed materials
will displace teachexrs, As supple~
ments to text books thaey may, how-
ever, bring abhout shifte in the
teachar’s role by taking over uvome
routine drill. ... (7))

In 1958, we started a project to
explore programnd-instruction techw~
nolocgy. It appezared that existing
programs provided for individual
differences in rate of learning but
did not provide for differences in
the level of component skills of
students during the course of insiruce
tion., A computer-based teaching mache
ine was develcped to provide for such
individual differences., Students
doing well would skip instructional
ssgrents while those having diffi-
culty oa a particular concept would
e branched to remedial segments
necessary to successful periormance
on the concept. Experience with
this machine quickly revsaled that
its effect on learning depended
mostly on the effectiveness of the
instructional materials used by the
machine. One study effort, in an
attempt to design improved ingtruc-
tional materials, surveyed the re=-
gsearch literature on lesarning and
made a series of experimental com-
parisons. The most notable result
of the formal hypothesis~teating
activities wazs that no statlstically
gignificant differencss wmong experil-
pental creatments were chtained.
Different sequencing prdcedures,
cueing technigues, response modes,
display formats, and reinforcement
procadures had but limited effect.
Variobles suggested by difierent
learning theories were manipulated
but again with little practical im-
pact on student learaing. The for-
mal hypothesis testing and the
literature search weres abondoned and
popular, new, commercially produced,
programmed instructional material
was tried, Considerable publicity
had been given this material as the
latest in modern instructional

technol . I¢ also failed to pro-
duce 1tgg§dvartised dbjectivesjp
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Pinally a procedure was tried that
did succeed, ‘This consistecl of &
careful specification of learning
objectives in behavioral and meage
urable form, followed by a succes-
sion of evalua:ion-revision cycles,
Bach defect in the inatructional
naterial was detected, the behavi-
oral componenis involved were
reanalyzed, 2nd spacific changes
were made in the defective segment.
Idecas for possible changes wvere
ebtained from interviews and indi-
vidual tutorial sessions with stu-
dents. Repeated evaluation-revision
cvcleg vere conducted until new stu-
dents exposed to the materials con-
sistently achieved the desired
cbjectives. Thus the daveloping
package of materials was continually
improved in the direction of a given
get of abpolute objactives.

This technigue is quite differant
from a cne-tims evaluative compariscon
of the first version of the new package
with so-called “conventional"” procew
dures (“conventional” igs that used by
the other scheel). The evaluationw
rovision cycle is miore like the
enginesying process, vhere the
development activity is followed
through te the £inal stage of imple~
mentation, and is much more costly

in tins ond effort than the one~shot
comparative study. However, the

ﬁ snginearing approach, which begins
with syatem objectives and uses self-
correction procedurss, culminates in
workable tocols and preocedures that

are guaranteed to do certain speci~
fied things for the instructor, vhile
the traditicral comparative-assesswent
gtudy seldom goes further than a
research report having litile inpact
on a classrcom practice. The engine
eering approach implies a comaitment
to make a new prefuct or procedure
work, rather than merely making a
single evaluation for the purpose of
deciding whether or not to adept it ...
almost all new devalopments f£ail on
the £irat try. :
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It has been pointed out that the educa-
ticnal system reguires for its operation
at least the following different actions:
(a) selecting the learners, (b) choosing
the objectives, (¢) designing & program
of learning experiences, (d) executing
the plan, (s) assessing the results, and
(£) comparing the accomplishments with
the objectives for purposes of further
optimization of the system., Furthermore,
item {e¢), the devising of a plan or
strategy, might be shown to require: (a)
determining the characteristics of the
learners, (b) mastering the relevant
scientific knowledge, (c) identifying
the available rescurces, and (d) accoun=~
ting fo§~appaicable boundary conditions.

| Perhaps the most important reason for a philosophy of com~
mitment to experimentation is contained.in the statement

It is becoming clear that the junior
college will be called upon to assume
sharply increasing responsibility as
enrollments in higher education sky-
rocket during the years immediately
ahead. Junior college enrollments

now approach one and a quarter million
and are expected to double, or even
treble, within the next decade. This
expansion will inevitably ‘be accom=-
panied by .a demand for greater effi- -
clency in all aspects of operaticonssew-
an efficiency that will make it possible
| for junior colleges to offer high-gquality
E instruction to unprecedented nunbers of

students at a cost commensurate with
that which society is able and willing
to pay. Taxpayers and private donors
| to higher education can be expected to
g . insist upon getting the highest possible
§ value for every dollar spent on colleges
| and univergities. <.

| Society will not wait for any institution
5 reluctant to change. ...

: In recent educational history there are

clear warnings that when the problems

i | | of education are not solved within the

| | system they are appsaled to the public
arena. When this happens the decision

is ultimately in favor of the majority.

In othexr words, "if the educatérs will

; not. dhénge education, the politician
r Willonl' cwe (6)
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Persistent use of the evaluation=~
revision cycle will eventually
produce high-cuality self-instruce
tional materizls that can be used
to provide individualized instruc-
tioNe see (6’

The above quotation provides a gocd transition from programe
med instruction to the systems approach.

The following excellent comments are from Bffective Teaching
and the Educational System by #arold Foecke in the Octeber 1967
issue of the “Journal of Engineering Education.”

To begin by offering a definition, an
educational system is a self-correcting
activity in which a deliberate attempt

is made to establish the conditions
which seem most suitable, in the light
of the relevant factors, for assiasting
one or more learners in achieving desired
learning objectives., ...

Learners differ widely in intellectual
ability, maturity, motivatlon, age, sex,
emotional health and stability, physical
health and/or handicaps, vulnerability

to "outside demands” {job, family, etc.),
previous educational experience, previous
work experience, etc. Consldering the
apparent disregard which some educators
manifest for the individual differences
among learners, it is worth poiating out
that an educational system could hardly
ke expacted to function optimally withe
ocut a thorcugh knowledge of the character-
igtics of the learners. Just because
educators do not fully understand all of the
conseguences of the cbservable differences
among students dces not mean that they can
he ignoredo eve -

It seems reascnable that any "theory of learn~
ing® must provide distinctions between funda-
mentally different kinds of things that can

be learned, things which in lay language

richt be doscribed as concepts, principles,
skills (morar, mental, ete.), facts, attitudes,
etcb Tsee '
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Descfigt;on

For reasons listed earlier v.mder justification, the experi-
mentation began in a discussion in a' department meeting during
the spring of 1964. While they recognized that there was a
problem, most of the staff of twenty did not want to participate
in any study involving the teaching of this course. However,
they did agree that if several wanted to experiment they should
be allowed to do go. Thus our first attempts in the £all and
spring of 1964-5 were to try programmed instruction in the normal
elassroom situation with four teachers involved in the exper:lment.

A study of the methods and results for 1964-5 and part of
1965~6 is ccatained in An Investigation of the Achievement of
Students in Mathemat;cs Clasges Using Programmed Materials at
El Camino College, a report by Sam Schauerman for a similaz UCLA
seminar, The material comtained in that repoxrt will not be
duplicated hexe.

The results for 1964-5 were: (1) There was no significant
difference betwean the percentage of students who succeaded in
the programmed gsections and those in the conveuntional seci:i.ons
even though the tests used in the programmed sections ware some-
vhat more difficult. Consideration was given to the idea of
developing examinations which could ke given to both the experi-
rental and control sections. This was not done as the control
sectlicons were basically traditional mathematics and the experi-
mental sections were modern mathematies, The programmed material
used was that prepared by the School Mathematics Study Group
(sMsSC} and the results of their extensive research was available
to us, (2) the students did not have encugh self-motivation: to,
proceed at their own pace and complete the work saccessiully.

NS T

Expariments during 19656 involved putting half of the total
students enrolled in the course Iinto sections of 120 students
each, using the sane programmed materials, and with an allotment .
of teacher time equal to.what there would have been if the classes
were all of the usual size {35). Our results were: (1) There was
no significant difference between the success of these students .
and the others, (2) the students were better motivated in the
larger sections than in the small sections vhich had used program=-
med texts, and (3) the use of a variety of dmstructional experi-.
ences was more succezsful than a single laboratory situanion wri.th
the student using the programned text.

During 196¢6-=7 and 19678 all studem-s in the course (approxi-
mately 1000 each semester) have besn placed in classes of: 100-120
with an instructor assignment of somewhat more than half of what
it was before. This was upon the recommendation of the teaching
staff., They are also given 40 hours. per week of clerical staff
time., The results were: (1) There was no significant difference
between the success of these stuwlents and the others, (2) 150
- errors have been found in the programmed text, {3) a uniform
testing, evaluaticn, and grading program has been established,.
{4) a complete iten analysis is made for each test, and (5) the

program has been systematized to the place where the iastructor
tine could be drastically rafuced and thouvsuuds of students
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could be handied with very little extra effort. At this stage,
the programmed text is an incidental and not an essential part

of the program.

To p:ovida'a 1ittle more insight into the problem and our
experimentation a memoxandam iz attached.

Directions for the Future

Wm

After a start which was a very small attempt to do some-
thing about a peraistent problem, at thie stags there secem to
be twe distinct directions which might be taken in the future.
Attempts have been made to start in both directicns,

 The first is described somewhat in the attached memorandum
and itg attachment. It involves open~circuit television. Two
gs:atements define the feasibility of this approach.

1. If open-circuit television is going to be econcmi-
cally feasible as aa instructional naedia, courses
which are required by very large numbers of stu~
dents should be presented.

2, Our method of teaching the First Course in Algebra
has bhesn systewatized to the extent that, sxcept
for space limitations, thousands of students cculd
be handled with very litile extra effort or cost.

¥hile some attempts have been made to start am inter-district
feagibility study, some administrators in the southern California
area feel that the first adventrres of the junior coclleges into
open~circuit televigion should be with college level courses and
not remedial instruction. This project has, therefore, tempor-

arily stopped.

She second direction for the future is in the use of systewnsg
methods. As noted in an earlier sectlon e engineering approach
implies a commitment to make a new product or procedure work,
rather than making a single evaluation for the purpcese of declding
whether or not ¢o adopt it .. almost all new developments fail

on the £irst try."

Since an educationzl system could hardly be expected to
function optimally without a therough knowledge of the character-
igtics of the learners, the followlng regearch proposal is expec-
ted to give some insight into this avea,




EBX. CAMINO COLLEGE
Inter«Office Memorandum

Subject: Teaching Mathematics A Date: November 18, 1965

Tos All Mathematics Instructors From: Henry Manafleld, Jr.

T would like to devete the next departrent meeting to a discussion of
what we should do about the teaching of Mathematics A,

The following is samovhat of a progress report and some of my opinions
of the problem and what should be done. I hope thay will provide some
backgrocund for discussion.

If you have ideas vhich you would like to present to the group for con-~
sideration prior to the maeting, please let me know.

Background Information

1. Student Success

Over the past five year pexiod, approximately 50% {(comparison of
firast and last ciasgs counts) of the Mathematics A studenta have
withdrawn before the end of the semester. Cf those remaining,
50% pass with a C or better grade. For the regular (35) size
classes using programmed instruction last year, there was a some-
what hicher retention and, including those who coniinued and
£inished the course in the second semester, the two semestexr per-
centage of passing students was the same using either method.

2. Student Characteristics

For the Spring Semester of 1964~65 and the Fall Semester 1965=66,
we have the following information:

Percentage by Declared Major

Total Fo, of Undecided
Students  Phys.S5ci. or not -
Year _Responding Math.Brgr. Nat.Sci. T & X Bus, Soc,Scl, Indicated Other
S°65 413 9,9% 10.7% 6.3% 25.9% 12.8% 26.2% 8.2% |
F'a5 885 10.2% 16.3% 6.4% 22.0% 9.5% 32.5% 3.2%

Approximately 65% are f£from Business, Soc, Sci., and undecided fields,
Approximately 60% are enrolled in 9 or more units,
Approximately 70% work 21 or more hours/week.
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.3. Enrollment Data

For the past several years all of the sections of Mathematics A
opened during registration were cloged with a ninimwm of 38
students per section. The number of sections of fexed was limited
g0 that the ultimate need for this course was not known, This
£all an attempt was made to determine this need by keeping
several sections open at alli times during registration. However,
after increasing the aumber of gectionsz Lrom 18 {the usual nunber
for f£all) to 27 and the enrcllment from approximately 600 to over
900 with all seciions still closed, the senrollmsnt was restricted
and the ultimnte nead has still not heen detezmined,

=T

4., Puture Needs

Por the future, if we are to provide for the neels of students

at this level, we should have at least 30 sections for the fall
of 1966, with 40 sections being perhaps a mord realistic estimate.
The staff iavolvement would be the equivalent of from 8 to 11
full time imstructors or somewhere from 40 to 50% of the total

staff time in mathematics.
Heed for the Study
i. The low efficiency of student suvcoess

2. The improvement of instructicn {learning) if possibie

3. The low penality for faillure of experimentation at this levsli

4, To develop a philosophy on our obligations to students at this
ievel under the "open<door” policy.

5. How to teach large numbers of students at this level

5. How to relieve a highly qualifiied staff from oo much invelvament
at a remedial level and to make better use of thelr capabilities

Purpoge and Criteria

The improvement of instruetiocn and the effective uvse o0f instructor
time should be the prime cbjectives of any study of this nature,

f Regults to Date

with regular sized classes last yeax, there was no significant differ-
ence between the programmed and traditionzl sections of Mathamatics A.

In reviewing last years wmethods we have the following obgexvations:

1. The students were given too much freedom. They were not self-
reliant encugh to be ailowed to procsed at their own rate., More
stringent requivements arebelny uvsseé this year {attachrment 1) .

2. The examinations ian the programmed sections were too difficult
last year. We were expecting higher levels of achievement than
in the regular sections. This has bheen changed this year.
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This year with the two large sections (120 students in each), stricter
requirements for student work and attendance, easier machine scored
examinations and a more experienced staff, there has been less of a
drop~out and indications that more students will pass,

Recommendation
We would recommend that

1., insofar as possible (the avallability of large rooms being a limi~
tation) Mathematics A be taught in large sections (120~150 studenta)

2. two instructors be assigned 2 sections together with 8 units of
load each. (roughly half the =taff involvement as with small
sections)

3. adeguate c¢lerical help be provided (A recommeadation on this will
be made by Mrs. Bodman, Mr. Ivens, and Mr. Schwartz)

4., Assignments should probably be made on a rotational basis with one
experienced and one new imstructor for each 2 sections, unless
there are some who prefer to have these sections.

If it were pessible to teach all of Mathematics A this way, 4 day
sections and 4 night sectioms should be sufficient. The assigned
teacher time would be approximately ¢ and approximately half of
that aormally assigned,

Juplications for. the Staff

1. The use of programmed instructional material is not very challen-
ging or rewarding from a teaching standpoint, howesver, it is
probably not any worze then teaching the large nunber of sections
which would be required the other way (each ingstructor with half
a load in Mathematics i) .

2. T am sure there is some concern within the department as well as
gchool-wide as tc whether this will set a precedemce for large
size classes in other courses. I don‘t believe that any changes
in the established instructional pattern ghould, oxr would, be
made without adeguate study. Within the division we have nzde
two studies of ¢his nature, both of which happened to lead to
larger class sizes. One;, Englasering 11, Engineering Orientation,
in the fall semester, was for the coavenience of imsitructors in
allowing them to give one lecture instead of having tc repeat it
4 or 5 times during a week. It also made it more convenient for
the instructors to secure eminent guest lecturers. I belleve this
arrangement has the complete approval of the Engireering staff,

With the two-fold objective of the study in Mathematics A,

1. improvement of instruction (as measured by the percentage
of students passing) and

2. relief from the increasing numbers of students at a bas=-
ically remediai lavel:; we have not had too much success
with the first but have a method where the results are at
1ea;t as good and the staff cbligationa are about half as
much.
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3. Although teacher load has not been spacifically mentioned,
it is implicit in the recommendations that a section of
120, with adequate student help, is eguivalent to a section
of 35 taught in the traditional manner. Thisg 1s based on
the recommendations of HMrs. Bodman, My, Ivens, and Mr. Schwaztz.

Other Alternatives

It has been suggested that another possible solution to this problem
would be to not offer Mathematics A {and perhaps Mathematics B) at
El Camino and to ask that they be taught in the Adult Education pro-
grams of our affiliated high school districta (it has been reported
that they would be willing to do this under any conditions we would
desire to impose).

1 pexsonally do not like this solution for the following reasons:

). At the presenc time, Adult Educaion programs are not accredited
(there are indications that this may be done within the next few
years) ., Students enrolled in such courses, applying for admission
o the University of California, certain state colleges and private
schools, may f£ind the credit not acceptable. Although we could
cooparate in setting standards and verify the equivalence of these
courses with our present courses, we would, in essence, be acting
as an accreditation agency. This i2 not a function of the junlor
college and miglit lead us into an untenable poszition with relation
to the high schools.

2. Historically, and under the Master Plan for Higher Education in
California, the teaching of “hese courses is proparly the function
of the junior college and no other segment. We should provide
this program, but the nature and extent of cur obligations needs
to be examined.

3. If we delegate this responsibility to the adult aschools, I feel
we would just increaze our problems at the Mathematics D, 25A
level, We would not eliaminate cur problems but have them at a

different level.

4, If this problem is to be solved, I would certainly rather rely
on the quality and abilities of our staff to sclve it.

Pirections for the Futuvre

Attachment IT indicates at least one thought X have had on directions
for future experimentation. I think the letter ig not clear to the
extent that by “participate with us in planning” I mean & feaaibility
study and possible implementatlon.

Concluding Comments

I anticipate that there may be some differences of opinion and some
disagreement with the propesal. Sc far I havea't been able to think
of any daca or other evidence which would make the implenentation

of this recommendation fetrimental to the interests of the students
or the faculty. I hope that you will give this some critical thowght,
and i# possible, present your ideas to me in writing so that we can
distribute them to the staff for consideration pricr to the meeting.

HM:ca
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Junior College Research Henry Mansfield, Jr.
Training Institute E1l Camino College, Calif.
Rieber Hall, UCLA, 1967 Resaarch Proposal

The Application of the Method of Least Squares and Some
Other Technigues to the Analysis of Factors Relating to
the Instrucitional Process,

Statement of the Problem

While the figures may very somewhat for different courses
and for different institutions, it is generally true that of
the total number of students who initially enrcll in a
junior college mathematics course, approximately 50% will
withdraw prior to the penalty date (ugually 4-6 weeks) and
of those who remain approximately 50% will pass with a C or
bvetter grada. In other words, success 1s achieved by only
25% of the students in a course., It is believed that students
in any course should have at least a 50% (and hopefully a
higher) chance of success, and while the process of education
igs not necessarily an efficient process, the use of instructor
time at 25% efficiency is wasteful and expensive,

“ fn particular we need to (1} study the measurements of
guccess, (2) Find something to predici success, and (3) system-
atically study all facets of the problem of student success
and failure. 2In addition studies of individual factorsg and
their predictions of success have been limited in application
and capable of little gencralization. A systems approach in
a particular area of instruction may provide some insights
into the problen.

The prcblem of student success in courses is of concern Lo
all achools and in all couvrses. The degree to which the
results of this experiment can be generalized and applied to
other schocls and courses, depends on the strength of the
relationships and the degree to which the independent variables
are infiuenced by local factors. In addition, if any results
are obtained within the framework pf this problem, the methods
may be applicable whether or not the results are.

The problem may be stated concisely in the following hypoth-
es 180

Hypothesis n
There exists a relation ¥y = Z a‘ifimi)
izl

where (a} the a i are conztants and at least one iz not zero,
{b)} the x; are astudent or course characteristics,

and (¢} v is the student’s grade.




henry Mansfield, Jr. 2.
El Camino College, Calilf.
Regsearch Proposal
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Y.

Agssumptions

Since the real concernsg are the percent of gtudents who
successfully coaplete a course and the efficient use of instruc~
tor time, the primary assumpition is that the establishment of
the hypothesis will provide & means to achieve these xesults.
Othexr assumptions which seem appropriate for this study are:

{1) Unreasonzble restraints OX artificial or capricious
barriers zhould not impede a student s progress
toward his goal,

{2) Experimeatation in educaiion should bz conducted where
the effects (on students) of failure will be minimal,

{3) The student is entitled to reasonable standards and
+o the same chance of success regavdless of the section
of the class in which he happens to enroll,

{4) Reasonable criteria may be used to restrict entry into
a course,

{5) The grading standards mmst be realistic in terms of
the cbjectives of the courae, and

(6} A gquality program must be maintained,
Related Research

while ti:ore are wany studies relating to a single cor a few
pradictors of student success, a nwrief search has not uncovered
any broad studies of tha type attempted in this study. 2s the
gtudy progresses, further review of related research will be
made to compare the correlations of zoms of the single factors.

Procedure

FPor a problem of this type, which is basically multiple
curvilinear regression and factor analysis, the sample needs
to be as large as possible. The initial effects will use the
data on students in three different <courses which envoll 1500,
1000, and 500 students each semester. Data on 2ll mathematics
courses and all students in mathematics conrses iz available
from 1960 ¢o the preseni.

The steps that will he follcwed are:

(1) Select Variables and Criteria

The information available is (a) High School and High
School grade point average, {x) grades in previous
El Canino College mathematics coursies, (c} scores on
Mzthematics Piacement Test, {d) SCAT - @, L, and T
Scores, (e) English Placement Test score, (£) age,

(g} marital status, (h) sex, (i) veteran’s status,




Henry Manafiélé, Jr.
El Camino College, Calif.
Research Proposal

(2)

((3)

{4

{s)

{§) full time or part time student, (k) the student’s
major, {1) the teacher in the course, (m) the distri-
bution of grades in the course, anc (n) the hcur of
the day (or nicht) at which the course was offered.

'Additional information on students may be easily

obtained and processed through the IBM 1230 optical
scanner 2pd its card output. Information on the
succass of studeats who transfer to a state college
or branch of the University of California is routinely
available and could be used with some effort.

Cede in IBM cavds

This has been done for most of the data.

Ccmputer Run

(a}) correlation matri

{b) distribution data

{¢) scatter plots

Computer Run

Tor all reascnable predictors, get a step-wise
rogression with a listing of the B -weights for each
variable for each corrxelation.

cross - Validation and analysis of residuvals,

Whi*e the procedure and analysis Jescribed here is in a
brief form, there are desigions involved ai each stage ocf the
process which will determine the direction of farcher inves-
tigations. While this could be included by stotements covere
ing all possible directions taken after all possible decisions,

it is not ineluded in this brief outline.
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